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Description 

Permanent magnet synchronous motor 

The invention relates to a permanent magnet synchronous motor 
with tooth- wound coils in the stator and with a rotor. 

In generic permanent magnet synchronous motors, oscillating 
torques occur. A skew of the rotor or stator by a slot pitch, 
as is described in the case of conventional motors in 
EP 0 545 060 Bl, - cannot be applied in the case of electric 
motors with a concentric winding, i.e. tooth- wound coils and a 
low slot number, since, as a result, the torque would be 
reduced to an excessive extent* 

In the case of electric motors with a conventional winding, 
i.e. windings are produced using the draw- in technique, and in 
the case of a relatively high slot number, there is generally a 
skew of a slot pitch. 

In the case of electric motors with tooth-wound coils, attempts 
are being made to reduce the oscillating torques by shaping the 
magnets in a particular way. One disadvantage with this is the 
fact that shaping the magnets in a particular way results in 
increased production costs. 

Accordingly, the invention is based on the object of providing 
an electric synchronous motor whose rotor damps or suppresses 
relevant harmonics in a targeted and simple manner in order to 
reduce oscillating torques or the torque ripple. 

The set object is achieved by a permanent magnet synchronous 
motor with tooth-wound coils in the stator and with a rotor 
which has structural means for damping the fifth harmonic 
and/or the seventh harmonic of the rotor field. 
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In this case, tooth-wound coils form at least part of a winding 
system of the permanent magnet synchronous motor, the tooth- 
wound coils in each case only comprising one mechanical pole 7 
i.e. one tooth . 

As a result of a skew of half a slot pitch, 0,5 x Tn, or as a 
result of a skew of 3/5 x Tn, complete elimination of the fifth 
harmonic of the rotor field is achieved* In this case, Tn 
denotes a slot pitch. 

Given a skew of 3/7 x Tn, the seventh harmonic of the rotor 
field is eliminated. 

The combination of this skew of 60% of a slot pitch Tn with a 
pole pitch factor of 85% results in complete damping or 
elimination of both the fifth and the seventh harmonics. 

The combination of the skew of 3/7 x Tn with a pole pitch 
factor of approximately 80% also results in the complete 
damping or elimination of both the fifth and the seventh 
harmonics. Likewise, even a pole pitch factor of 80% +/-10% 
results in sufficient damping of the fifth harmonic . 

A structural conversion of the skew does not need to be 
restricted to the rotor or stator; the effect of the skew of, 
for example, half a slot pitch can be divided proportionally 
between the stator and the rotor. In this case, for example, 
the stator takes on half of the half slot pitch and the rotor 
takes on the rest of the skew in order to achieve the desired 
skew. 

The invention and further advantageous configurations of the 
invention will be explained in more detail with reference to a 
schematically illustrated exemplary embodiment- In the drawing: 
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figure 1 shows a basic illustration of a machine according to 
the invention , 

figure 2 shows a magnet-wheel field of an electrical machine, 
and 

figure 3 shows a perspective illustration of a rotor according 
to the invention. 

Figure 1 shows a basic laminate section of a permanent magnet 
synchronous motor 1, with a stator 2 and a" rotor 4. In this 
case, the pole pair number corresponds to one third of the 
number of slots 3 of the stator 2. The number of teeth 8 is a 
multiple of three, i.e. the number of winding phases of the 
stator 2, and is expediently greater than or equal to nine* The 
stator 2 is constructed from laminates , which have slots 3 , 
into which the windings are inserted. In this case, the 
windings are in particular tooth-wound coils 6, i.e. a tooth- 
wound coil 6 comprises in each case only one tooth 8. The rotor 
4 is constructed from permanent magnets 5, which can also be in 
the form of platelets, rings or shell -shaped magnets. In this 
case, these permanent magnets 5 are magnetized or arranged over 
the axial profile of the rotor 4 in such a way that the desired 
skew is set. 

Such a rotor 4 produces a magnet-wheel field as shown in figure 
2 in the air gap which has the following profile, Pole gaps are 
provided between the poles. Tp is the pole pitch and a is the 
pole pitch factor, which is generally in the range of from 0.8 
to 0.95. The lower the pole pitch factor a, the lower the 
output torque of the synchronous motor, a = 1 is not possible 
for manufacturing-related reasons. 

The magnet-wheel field illustrated in principle in figure 2 has 
harmonics as well as the fundamental- As regards the 
oscillating torques, primarily the harmonics of the orders five 
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and seven are relevant, with it being necessary to damp or 
completely eliminate these harmonics. The level of these 
harmonics depends essentially on the pole pitch factor a. 

In order to damp the oscillating torques, the rotor 4 and/or 
the stator 2 is/are skewed. A measure for the skew is the skew 
angle 7 shown in figure 3. A skew factor can be defined from 
the skew angle 7, and this skew factor can be used to provide 
the damping of the individual harmonics of the air-gap field. 
The skew of the stator 2 may result from the skewed arrangement 
of the slots 3 of the stator 2 relative to the shaft 9. 

According to the invention, the torque -forming fundamental is 
damped a little, and the relevant harmonics five and seven are 
eliminated. Both harmonics result in oscillating torques of the 
order 6p, i.e. 6p times the rotation frequency, where p is the 
pole pair number. An effective solution for avoiding the 
oscillating torques results from the skew of half a slot pitch, 
i.e. Tn/2, In this case, damping of the fifth harmonic to 19% 
and of the seventh harmonic to 13,6% results. At the same time, 
the most relevant cogging torque of twice the slot frequency is 
damped . 

In the case of a pole pitch factor a of 0.8 or at least in the 
vicinity of 0.8, the fifth harmonic is 0. Now only the seventh 
harmonic still needs to be damped by the skew. For this 
purpose, the skew needs to be smaller than half the slot pitch, 
namely precisely 3/7 x Tn equal to 0.4285Tn. 

Given a conventional pole pitch factor a of 0.85 or of around 
0.85 up to 0,9, it is favorable to primarily damp the fifth 
harmonic, and correspondingly a skew of more than half a slot 
pitch is necessary, namely 3/5 x Tn. With this skew, the fifth 
harmonic is completely eliminated. The skew can be provided 
both in the rotor 4 and in the stator 2 . In addition, it is 
possible to distribute the required skew over the entire 
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synchronous motor, i.e. both the rotor 4 and the stator 2 take 
on certain pre determinable proportions of the skew which is 
required overall, with the result that the skews are added in 
the air gap, and therefore the same effect is achieved as with 
the skew purely on the rotor 4 or the stator 2 . 



10326167 .2 
2003P07629WOUS 



- 6 - 



Patent claims 

1. A permanent magnet synchronous motor (1) with tooth-wound 
coils (6) in the stator (2) and with a rotor (4) which has 
structural means for damping the fifth harmonic and/or the 
seventh harmonic of the rotor field, 

2. The permanent magnet synchronous motor (1) as claimed in 
claim 1, characterized in that slots in the rotor (4) and/or 
the stator (2) have a skew which is between half a slot pitch 
and 60% of a slot pitch (Tn) with respect to the synchronous 
motor (1) . 

3 . The permanent magnet synchronous motor ( 1 ) as c laimed in 
claim 1 or 2, characterized in that a pole pitch factor (a) of 
85% is provided, 

4 . The permanent magnet synchronous motor ( 1 ) as c laimed in 
claim 1, characterized in that slots in the rotor (4) and/or 
the stator (2) have a skew which is between half a slot pitch 
and 0.4285 times a slot pitch (Tn) with respect to the 
synchronous motor (1) . 

5 . The permanent magnet synchronous motor (1) as claimed in 
claim 1 or 4, characterized in that a pole pitch factor (a) of 
80% is provided. 
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Abstract 

Permanent magnet synchronous motor 

In order to reduce the torque ripple in permanent magnet 
synchronous motors (1) with tooth-wound coils (6) , structural 
means are proposed for damping or eliminating the main causes 
of the torque ripple, the fifth and/or the seventh harmonics of 
the rotor field. 



Figure 1 



